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Aims:  Bradyasystolic  heart  rhythms  are  often  recorded  in out-of-hospital  cardiac  arrest  (OHCA).  Atrioven-
tricular (AV)  conduction  disorders  might  lead  to OHCA,  but  the  prevalence  of  AV-conduction  disorders
and  other  bradyasystolic  rhythms  in OHCA  is  unknown.  These  patients  might  beneﬁt  from  pre-hospital
pacing.  We  aimed  to  determine  the prevalence  of  different  types  of bradyasystolic  heart  rhythms  in OHCA,
including  third  degree  AV-block,  and  document  survival  rates.
Methods:  We  used  data  from  the  ARREST-registry  of OHCA  in  the  Netherlands.  Patients  with  bradyasys-
tolic  OHCA  in  2006–2012  were  included.  ECGs  were  classiﬁed  according  to the presence  of  P-waves
and  QRS  complexes  in  ﬁve  rhythm  groups.  Differences  in survival  to  discharge  in relation  to resuscita-
tion  characteristics,  rhythm  and  pacing  were  tested  using  Chi-Square  test  and  multivariate  regression
analysis.
Results:  We  included  2333  patients  with  a bradyasystolic  rhythm;  371  patients  (16%) presented  with
a  third  degree  AV-block.  In  total  45  patients  (1.9%,  95%-CI  1.4–2.5%)  survived.  A third  degree  AV-block
(adjusted  OR  0.86, 95%-CI  0.38–1.96)  or pacing  (adjusted  OR 0.89,  95%-CI  0.21–3.78)  was  not  associ-
ated  with  survival.  Pacing  was  initiated  in 110 patients  (4.7%),  after  a  long  delay  (median  18.7 min).  The
strongest  association  with  survival  was found  for  the  presence  of  a bradycardia  (vs.  asystole)  (adjusted
OR  4.20,  95%-CI  1.79–9.83),  bystander  witnessed  (OR  4.13,  95%-CI  1.45–11.8)  and  EMS  witnessed  collapse
(OR  5.18,  95%-CI  2.77–9.67).
Conclusion:  In bradyasystolic  OHCA,  16% of all patients  present  with third  degree  AV-block,  but  survival
for  these  and other  bradyasystolic  patients  remains  poor.  Pacing  is seldom  initiated,  often  delayed,  and
rarely  beneﬁcial.
© 2016  The  Author(s).  Published  by Elsevier  Ireland  Ltd.  This  is an open  access  article  under  the CCntroduction
In the last decades, the incidence of non-shockable heart
hythms (asystole or pulseless electrical activity [PEA]) as ini-
ial recorded rhythm in out-of-hospital cardiac arrest (OHCA)
ncreased.1,2 The prognosis of survival of patients with a non-
hockable heart rhythm remains very poor, with survival to
ischarge rates not exceeding 3% for asystole and 10% for PEA, with-
ut a tendency to improve over years.3–8 Non-shockable rhythms
onsist of multiple different rhythms such as sinus bradycardia,
unctional/idioventricular rhythms, third degree atrioventricular
AV)-block or asystole. Most of these rhythms are of bradyasystolic
 A Spanish translated version of the abstract of this article appears as Appendix
n  the ﬁnal online version at http://dx.doi.org/10.1016/j.resuscitation.2016.06.033.
∗ Corresponding author at: Department of Cardiology, Room G4-248, Academic
edical Center, University of Amsterdam, Meibergdreef 9, 1105 AZ Amsterdam,
he Netherlands.
E-mail address: m.hulleman@amc.nl (M.  Hulleman).
ttp://dx.doi.org/10.1016/j.resuscitation.2016.06.033
300-9572/© 2016 The Author(s). Published by Elsevier Ireland Ltd. This is an open acces
c-nd/4.0/).BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).
origin, a ventricular rate below 60 beats per minute or asystole.9
Despite their heterogeneous origin, all non-shockable rhythms
are managed with one treatment algorithm with limited effect
on survival, if no treatable causes can be identiﬁed. Generally,
no other treatment besides high quality cardiopulmonary resus-
citation (CPR), administration of intravenous vasopressors and
transcutaneous pacing is available for these patients.
In a non-OHCA setting a symptomatic third degree AV-block is a
Class I indication for pacing,10 but it is unknown if patients in true
cardiac arrest caused by a third degree AV-block will beneﬁt equally
from pacing. Current evidence suggests that in OHCA pacing by any
means (transcutaneous, transvenous or transmyocardial) does not
improve short- or long-term survival, and since 2005 resuscitation
guidelines do not encourage pacing for routine use in OHCA.11,12
However, it is not clear if different origins of bradyasystole, such as a
third degree AV-block, have been identiﬁed in studies investigating
pacing in OHCA.
The prevalence of the various different bradyasystolic heart
rhythms is unknown. As an increasing number of non-shockable
OHCA cases are observed worldwide, it is important to identify
s article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
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Fig. 1. illustration of ECG classiﬁcation of all bradyasystolic rhythms. AVB  denotes14 M. Hulleman et al. / Resu
he electrocardiographically different rhythms, and to know their
ssociated outcomes. We  aimed to determine the prevalence of
hese bradyasystolic heart rhythms in a large cohort of consecu-
ive OHCA patients, with an emphasis on identifying patients with
V-conduction disorders, and document the current resuscitation
reatment practice and outcomes in these patients. We  hypothe-
ize that AV-conduction disorders are relatively common, but that
acing is often not initiated and is not associated with better sur-
ival.
ethods
tudy design and setting
ARREST is an ongoing prospective registry of all consecutive
esuscitation attempts in North-Holland, the Netherlands (pop-
lation 2.4 million). The organization of the emergency medical
ervices (EMS) and data collection in the study region has been
escribed previously.13 In short, for all suspected OHCA, two ambu-
ances of a single tier are dispatched with deﬁbrillators, all of which
ave pacing capability. Also, in a large part of the study region
rst responders (policemen, ﬁre ﬁghters and local lay rescuers14)
quipped with an automated external deﬁbrillator (AED) are dis-
atched in case of a suspected OHCA. On-site AEDs are available and
sed in an increasing number of public places. The present study
s a retrospective analysis of electrocardiographic data gathered in
he ARREST study.
election of patients
The present investigation covered the period January 1,
006–December 31, 2012. All patients on whom EMS  personnel
ttempted resuscitation during OHCA with an electrocardiogram
ECG) documenting an initial bradyasystolic heart rhythm were
ncluded in the study. We excluded patients with a clear non-
ardiac cause (e.g. trauma, drowning, respiratory, neurologic,
uicide), patients of whom the resuscitation ECG could not be
etrieved or with an inconclusive ECG, patients with unknown sur-
ival status and patients with a paced rhythm before cardiac arrest.
The Medical Ethics Review Board of the Academic Medical Cen-
er, Amsterdam, approved the ARREST data collection and gave a
aiver for obtaining (written) informed consent.
ata collection and deﬁnitions
Data of 7925 EMS-attended OHCA cases was retrieved from
ispatch centers, EMS personnel, ﬁrst responders and hos-
ital case ﬁles. All data was collected according to Utstein
ecommendations.15 All ambulance recordings of continuous sin-
le and 12-lead ECGs were digitally sent to the study center. If an
ED was used, ARREST study personnel collected the stored contin-
ous single lead ECG from the AED shortly after the resuscitation
ttempt. All manual deﬁbrillator and AED clock times were syn-
hronized to the dispatch center clock. The time stamp of EMS  call
nd time of initial recorded rhythm from manual deﬁbrillator or
ED was used to calculate call-to-ECG delay.
In ARREST, the initial recorded rhythms of all ECGs from the
ED or manual deﬁbrillator, whichever was connected ﬁrst, are
ategorized shortly after the OHCA by experienced research per-
onnel in ventricular ﬁbrillation (VF)/ventricular tachycardia(VT),
upraventricular tachycardia, normal rhythm (frequency 60–100),
radycardia (deﬁned as a ventricular rate of less than 60 beats per
inute), asystole or undetermined rhythm. For the current anal-
sis, all ECGs were reassessed by two researchers (M.H. and H.M)
or the presence of p-waves, QRS complexes (with rate and QRS
uration noted) and AV-conduction disorders (ﬁrst, second andatrioventricular block. *Flat line and <100 V baseline deviations are combined in
one  group, ‘asystole’. This rhythm is deﬁned as absence of p-waves and QRS com-
plexes and no or less than <100 V baseline deviations.
third degree AV-block). In case of disagreement, the rhythm was
also interpreted by RWK  to reach consensus. The presence of rapid
irregular peak-to-peak baseline deviations of less than 100 V (not
related to deviations in the impedance signal) was  considered sec-
ondary asystole (following VF dissolution).16 ECGs were classiﬁed
in ﬁve different rhythm groups: asystole (absence of p-waves and
QRS complexes and no or less than <100 V baseline deviations),
third degree AV-block without escape rhythm, third degree AV-
block with escape rhythm, idioventricular/junctional rhythm and
sinus bradycardia (Fig. 1). When EMS  personnel initiated pacing,
the rhythm immediately preceding pacing and the occurrence of
electrical capture was  also noted.
Neurological status at discharge was  reviewed by research per-
sonnel from hospital patient charts using the Cerebral Performance
Category (CPC) scale.15 A CPC score of 1 (normal cerebral per-
formance) or 2 (moderate cerebral disability) at discharge was
considered as survival with a favorable neurologic outcome.
Statistical analysis
Normally distributed continuous variables were presented as
mean ± standard deviation (SD) and differences tested for sig-
niﬁcance with Student’s t-test and ANOVA. Time intervals were
presented as median with interquartile range (IQR), differences
tested using Mann–Whitney U and Kruskall–Wallis test. Differ-
ences between proportions were tested with Chi-Square test.
Survival rates of the different rhythm groups were expressed as
proportions with 95% conﬁdence intervals (CI). Survival differences
associated with demographic and resuscitation characteristics
were calculated using logistic regression analysis, expressed as
unadjusted odds ratio (OR) with 95%-CI. Survival differences in
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cardiac OHCA 
available ECG 
n=6185 
VF n=2919 
VT n=99 
non-VF OHCA 
n=3167 
analyzable 
non-VF OHC A 
n=2643 
inconclusive ECG n=519* 
no survival status n=5 
normo/tachycardia n=259 
pacemaker rhythm n=51 
bradyasystole 
n=2333 
resuscitation 
attempts for OHC A 
n=7925 
non-cardiac cases 
n=1244 
(assumed)  
cardiac OHCA 
n=6681 
no ECG n=426 
no ECG time n=70 
Fig. 2. In- and exclusion of patients in the study. *Inconclusive ECG: paper tracing/no
proper impedance signal n = 343, (movement) artefacts/ongoing compressions
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elation to ECG characteristics and pacing were expressed as
nadjusted and adjusted OR. Only demographic and resuscitation
haracteristics that had a univariate association with survival of
 < 0.10 were added to the multivariate model. Patients with any
issing data were excluded from the logistic regression analysis.
ll statistical tests were two-tailed, and a P of <0.05 was  considered
tatistically signiﬁcant. Statistics were performed in SPSS 20.0 for
ac  (IBM SPSS, NY, USA).
esults
radyasystolic rhythms and resuscitation characteristics
Between January 1st 2006 and December 31st 2012, 7925 resus-
itation attempts for OHCA were observed. Fig. 2 shows the in-and
xclusion of these patients. Of the 2643 patients with a non-
hockable rhythm, 2333 patients (88%) had a bradyasystolic ﬁrst
hythm. Of the included patients, 1508 patients (65%) died on site
nd were not transported to the hospital. Of the 825 patients trans-
orted to the hospital, 498 patients (21%) died in the emergency
epartment, and 327 patients (14%) were admitted to the hospital;
5 patients (1.9%, 95%-CI 1.4–2.5%) survived to discharge, of which
2 (93%) had a favorable neurologic outcome. Fig. 3 shows the ECG
lassiﬁcation. Important differences existed between witnessed
n = 1490, 64%) and unwitnessed OHCA (n = 809, 35%). Bradycardic
hythms were more prevalent in witnessed than in unwitnessed
HCA (P < 0.001). The mean ventricular rate was 32 min−1 (±14)
ith a mean QRS duration of 142 ms  (±49). In witnessed OHCA,
atients with sinus bradycardia had the highest survival (6.8%,
5%-CI 1.7–10.1%), patients with asystole the lowest (0.4%, 95%-CI
–0.9%). In unwitnessed OHCA, no patients with sinus bradycardia
urvived. Of the patients with a sinus bradycardia 93 patients (4.0%)
witnessed 
n=1490(100%) 
bradyasys
n=2333
asystole 
n=553(36%) 
sinus 
bradycardia 
n=220(15%) 
idioventricular/ 
junctional  
n=452(30%) 
survival 
15/220 
(6.8%) 
survival 
18/452 
(4.0%) 
3rd degree 
AVB,no escape 
n=83(5.6%) 
3rd degree 
AVB, escape 
n=182(12%) 
survival 
2/553 
(0.4%) 
survival 
2/83 
(2.4%) 
survival 
3/182 
(1.6%) 
QRS absent 
n=636(43%) 
QRS present 
n=854(57%) 
Q
n
ig. 3. ECG classiﬁcation of all bradyasystolic patients. The admission and survival rate of p
nd  unwitnessed collapse. ‘Witnessed’ refers to patients with bystander witnessed (n =
nknown. Survival is deﬁned as survival to hospital discharge. The rhythm group sinus br
econd degree AV-block. The rhythm group idioventricular/junctional rhythm includes 23n  = 122, pacing initiation unknown n = 51. OHCA denotes out-of-hospital cardiac
arrest; VF, ventricular ﬁbrillation; VT, ventricular tachycardia.
had a ﬁrst degree AV-block and 33 patients (1.4%) had a second
degree AV-block.
A third degree AV-block was  present in 18% of bystander
witnessed cases, and 13% in unwitnessed cases (P = 0.001). This
unwitnessed 
n=809(100%) 
tole 
 
asystole 
n=567(70%) 
sinus 
bradycardia 
n=42(5.2%) 
idioventricular/ 
junctional  
n=99(12%) 
3rd degree 
AVB,no escape 
n=60(7.4%) 
3rd degree 
AVB, escape 
n=41(5.1%) 
survival 
0/42 
survival 
0/99 
survival 
2/567 
(0.4%) 
survival 
1/60 
(1.7%) 
survival 
1/41 
(2.4%) 
QRS present 
n=182(22%) 
RS absent 
=627(78%) 
atients according to the ECG classiﬁcation of bradyasystolic rhythms and witnessed
 1322) or EMS  witnessed (n = 168) collapse. For 34 patients witnessed status was
adycardia includes 93 patients with a ﬁrst degree AV-block and 33 patients with a
 patients with atrial ﬁbrillation or atrial ﬂutter. AVB denotes atrioventricular-block.
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Table 1
Demographic and resuscitation characteristics of the different bradyasystolic rhythms.
All QRS present QRS absent P
Junctional/
idioventricular
Sinus-
bradycardia
3rd degree
AVB, escape
3rd degree
AVB, no escape
Aystole
Demographics (n = 2333)
Age, ya 68.1 (16.0) 71.9 (13.9) 68.5 (13.8) 71.0 (15.5) 68.8 (16.1) 68.0 (16.9) <0.001
Sex,  maleb 1497 (64%) 347 (62%) 157 (59%) 141 (63%) 103 (73%) 745 (66%) 0.036
Resuscitation characteristics (n = 2165) (excluding EMS witnessed)
Bystander witnessedc 1322 (62%) 381 (79%) 178 (81%) 155 (79%) 80 (57%) 528 (48%) <0.001
Bystander CPRe 1375 (65%) 288 (60%) 122 (55%) 105 (54%) 101 (72%) 758 (69%) <0.001
AED  connectedf 662 (31%) 124 (25%) 59 (26%) 57 (28%) 58 (41%) 364 (33%) 0.001
Resuscitation characteristics (n = 2333) (including EMS witnessed)
EMS  witnessedc 168 (7.3%) 71 (12.8%) 42 (16.0%) 27 (12.1%) 3 (2.1%) 25 (2.2%) <0.001
Location of collapse, homed 1957 (84%) 179 (80%) 226 (86%) 179 (80%) 116 (80%) 925 (86%) 0.040
Onset of later VF/VTf 384 (16%) 93 (17%) 41 (15%) 38 (17%) 27 (19%) 185 (16%) 0.95
Call-to-ECG delay, minf 10.3 (7.8–13.2) 10.5 (8.0–13.4) 10.3 (8.2–13.6) 10.4 (7.9–13.2) 10.0 (8.0–12.3) 10.1 (7.6–13.1) 0.15
Age presented as mean (standard deviation), differences tested using one-way ANOVA. Binary variables are denoted as cases (percentage), differences tested using Chi-Square
test.  Time intervals are presented in median in minutes (interquartile range), differences tested using Kruskall–Wallis test.
a Missing age n = 9.
b Missing sex n = 3.
c Missing witnessed collapse n = 34.
d Missing location of collapse n = 2.
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f No missing values.
ED, automated external deﬁbrillator; CPR, cardiopulmonary resuscitation; EMS, e
ifference was mainly caused by the occurrence of a third degree
V-block with escape rhythm (12% vs. 5.1% for witnessed vs. unwit-
essed cases, P < 0.001). Survival of witnessed and unwitnessed
atients with a third degree AV-block with or without escape
hythm was not signiﬁcantly different (P = 0.73 and P = 0.76 respec-
ively).
EMS  witnessed collapse was included in Fig. 3 in the ‘witnessed’
roup. Of the patients with EMS  witnessed collapse, 83% had a
radycardia, compared to 54% of patients with a bystander wit-
essed collapse (P < 0.001). The prevalence of any third degree
V-block was not signiﬁcantly different for EMS  witnessed (18%)
nd bystander witnessed collapse (18%, P = 0.98).
Table 1 shows the demographic and resuscitation characteris-
ics of patients with different bradyasystolic rhythms. Signiﬁcant
ifferences exist between the groups for all variables, except call-
o-ECG delay. In general, patients with bradycardic rhythms were
lder, more often female, and had more often a bystander witnessed
r EMS  witnessed collapse (P all <0.001).
Table 2 shows that bystander witnessed collapse (P = 0.004),
MS witnessed collapse (P < 0.001) and public location of collapse
P = 0.050) were signiﬁcantly associated with higher survival rates.
here were 64 patients with one or more missing variables; patients
ith missing data were more often male (77% vs. 64%, P = 0.04)
nd less often had an AED attached (5% vs. 29%, P < 0.001). All
ther demographic and resuscitation characteristics were not sig-
iﬁcantly different between patients with or without missing data.
ranscutaneous pacing
Table 3 shows the characteristics of the 110 paced patients
4.7%). In 62 patients (56%) there was electrical capture; the propor-
ion of mechanical capture was not registered. Of the 371 patients
ith an initial third degree AV-block, only 24 patients (6.5%) were
aced. Eight patients (13% of paced patients) were admitted to the
ospital and only two patients survived to hospital discharge. None
f the paced patients with a third degree AV-block survived.nivariate and multivariate survival analysis
Table 4 shows that the presence of QRS complexes (P < 0.01) and
igher heart rate (added as continuous variable; P < 0.001) werency medical services; VF, ventricular ﬁbrillation; VT, ventricular tachycardia.
associated with higher survival rates. QRS duration (P = 0.12), third
degree AV-block (P = 0.86) and pacing (P = 0.88) were not signiﬁ-
cantly associated with higher survival rates.
Discussion
This study shows that in non-shockable OHCA, 88% of all patients
had a bradyasystolic initial rhythm. The survival to discharge was
only 1.9%. Bystander- and EMS  witnessed collapse, public location
of collapse, the presence of a bradycardia and faster heart rate were
associated with higher survival rates. A third degree AV-block was
found in 16% of all bradyasystolic patients. Pacing was only initi-
ated after a very long delay, irrespective of the initial bradyasystolic
rhythm, and not associated with survival.
AV conduction disorders
The prevalence of AV conduction disorders in OHCA is not well
established. In a case-series of 132 patients with sudden cardiac
death during Holter monitoring, the authors reported AV-block in
9 patients (7%), but bradyasystole was subdivided only in asys-
tole and AV-block, and it is not clear how these AV-blocks were
deﬁned.17 Bayes de Luna et al. reviewed 7 case series of sud-
den death during Holter monitoring.18 Of the 157 cases presented
in this study, 26 patients (17%) died after bradyarrhythmia, and
in 3 patients (12% of bradyasystolic patients) an AV-block was
present.18 The prevalence of third degree AV-block of 16% we  report
is within the range of the aforementioned studies. However, the
Holter monitoring studies showed the arrhythmia at the exact
moment of collapse. In the present study, it is uncertain if the ini-
tial recorded rhythm represents the primary rhythm of the cardiac
arrest, because of considerable delay to initial rhythm assessment.
Survival
This study conﬁrms the very poor prognosis of patients with
initial asystole. Only 7 out of the 1282 asystolic patients (0.5%) sur-
vived to hospital discharge. Earlier studies showed survival rates
between 2.0 and 3.3% for asystolic patients.5,19,20 Survival of brady-
cardic patients in our study was 3.6%; other studies reporting on
PEA showed survival rates ranging from 2.4% to even 15%.3,6,7,19 A
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Table  2
Demographic and resuscitation characteristics and associated survival to discharge.
Survival Unadjusted P
n (%) OR (95%-CI)
Demographics
Age (n = 2333)a
≤65 y 16 (1.9%) 0.95 (0.52–1.73) 0.86
>65 y 29 (2.0%) ref
Sex  (n = 2333)b
Male 26 (1.7%) 0.76 (0.42–1.38) 0.36
Female 19 (2.3%) ref
Resuscitation characteristics (n = 2165) (excluding EMS witnessed)
Bystander witnessed (n = 2165)c
Yes 27 (2.0%) 4.13 (1.45–11.8) 0.004
No  4 (0.5%) ref
Bystander CPR (n = 2165)e
Yes 21 (1.5%) 1.04 (0.51–2.15) 0.91
No  11 (1.5%) ref
AED  connected (n = 2165)f
Yes 9 (1.4%) 0.76 (0.41–1.91) 0.76
No  23 (1.5%) ref
Resuscitation characteristics (n = 2333) (including EMS witnessed)
EMS  witnessed (n = 2333)c
Yes 13 (7.7%) 5.18 (2.77–9.67) <0.001
No  32 (1.5%) ref
Location of collapse (n = 2333)d
Home 33 (1.8%) 0.53 (0.27–1.00) 0.05
Public 12 (3.2%) ref
Onset  of later VF/VT (n = 2333)f
Yes 7 (1.8%) 0.94 (0.42–2.08) 0.87
No  38 (1.9%) ref
Call-to-ECG delay (n = 2333)f
≤10 min  18 (1.6%) 0.73 (0.41–1.32) 0.30
>10  min  27 (2.2%) ref
Binary variables are denoted as cases (percentage). Odds ratio (OR) calculated using univariate logistic regression analysis.
a Missing age n = 9.
b Missing sex n = 3.
c Missing witnessed collapse n = 34.
d Missing location of collapse n = 2.
e Missing bystander CPR n = 40.
f No missing values. Bystander witnessed, bystander CPR and AED connected calculated excluding EMS witnessed collapse.
AED  denotes automated external deﬁbrillator; CPR cardiopulmonary resuscitation; EMS  emergency medical services; VF ventricular ﬁbrillation; VT ventricular tachycardia
Table 3
Transcutaneous pacing in relation to initial rhythm and rhythm preceding pacing.
Delay EMS-
assessment to pacing
Electrical capture Survival
Min  (IQR) n (%) n (%)
All patients (n = 110) 18.7 (12.8–26.2) 62 (56%) 2 (2.9%)
Asystole (n = 34) 18.5 (12.9–26.1) 15 (58%) 1 (3.8%)
3rd  degree AV-block without escape (n = 10) 16.7 (14.0–26.3) 2 (20%) 0
3rd  degree AV-block with escape (n = 14) 18.8 (12.6–26.4) 7 (50%) 0
Idioventricular/junctional (n = 41) 16.5 (11.3–22.9) 29 (70%) 1 (2.4%)
.8) 
D ).
A ical se
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e
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e
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w
iSinus  bradycardia (n = 11) 30.1 (22.3–33
elay presented as median (IQR). Binary variables are denoted as cases (percentage
VB denotes atrioventriocular block; IQR interquartile range; EMS  emergency med
lear deﬁnition of PEA is lacking, but commonly all rhythms other
han shockable rhythms and asystole are referred to as PEA. This
ncludes also patients with heart rates over 60. We  excluded all
atients with a ventricular rate above 60, and as higher heart rate
s associated with survival in the current study, we might have
xcluded patients with a favorable outcome.
Both bystander and EMS  witnessed arrest were associated
ith better survival. A third degree AV-block, predominantly with
scape rhythm, was more prevalent in these witnessed cases. This
uggests that AV conduction disorders are not only present in
nwitnessed OHCA with long delay. In OHCA cases presenting with
V conduction disorders with reasonably short delay (bystander
itnessed) or no delay (EMS witnessed) pacing might be feasible.
Bystander CPR has been associated with higher survival rates,
n shockable as well as in non-shockable OHCA.21 This was not6 (55%) 0
rvices.
the case in our study, as was also demonstrated earlier for asys-
tolic OHCA.5 Our study only included patients with bradyasystolic
rhythms, patients with the worst outcome that may  not beneﬁt
from early bystander CPR as other patients in OHCA do.
AV-conduction disorders and indications for pacing
A symptomatic third degree AV-block in a non-OHCA setting
is a Class I indication for pacing,10 but the currently available evi-
dence shows no beneﬁt of pacing in OHCA.22 The American Heart
Association (AHA) guidelines explicitly state that pacing is not
recommended in asystole, as this might delay or interrupt chest
compression, but AV-block as presenting rhythm is not speciﬁcally
mentioned.12 In patients with asystole, the European Resuscita-
tion Council (ERC) guidelines recommend to check for P-waves and
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Table 4
Prevalence of ECG characteristics and associated survival.
Prevalence Survival to discharge Unadjusted Adjusteda
n (%) n (%) OR (95%-CI) OR (95%-CI)
All patients (n = 2333)
QRS present
Yes 1051 (55%) 38 (3.6%) 6.62 (2.97–14.8) 4.20 (1.79–9.83)
No  1282 (45%) 7 (0.5%) ref ref
3rd  degree AV-block
Yes 371 (16%) 7 (1.9%) 0.97 (0.44–2.17) 0.86 (0.38–1.96)
No  1962 (84%) 38 (1.9%) ref ref
Pacing initiated
Yes 110 (4.7%) 2 (1.8%) 0.94 (0.23–3.83) 0.89 (0.21–3.78)
No  2223 (95%) 43 (1.9%) ref ref
Bradycardic patients (n = 1051)
Rate of bradycardia
<35 574 (55%) 14 (2.4%) ref ref
35–59  477 (45%) 24 (5.0%) 2.12 (1.09–4.14) 1.68 (0.85–3.30)
10  bpm increase N/A N/A 1.13 (1.10–1.17)b 1.13 (1.09–1.17)b
QRS duration bradycardia
≤120 ms 351 (33%) 18 (5.1%) 1.80 (0.96–3.35) 1.70 (0.87–3.33)
>120  ms  700 (67%) 20 (2.9%) ref ref
Binary variables are denoted as cases (percentage). Odds ratio (OR) calculated using univariate and multivariate logistic regression analysis.
AV  denotes atrioventricular; OR odds ratio; VF ventricular ﬁbrillation and VT ventricular tachycardia.
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b OR for increase per 10 beats per minute, heart rate added as a continuous varia
hen present pacing may  be considered.23 The Dutch protocol for
MS care is based on the ERC Guidelines.24 Treatment of brady-
ardic rhythms in the AHA and ERC guidelines is only discussed in
he context of symptomatic bradycardia (i.e. with cardiac output),
ot for patients in cardiac arrest.
In the three large controlled pacing studies in OHCA all causes
f asystole were included, and also in some cases symptomatic
radycardias without true cardiac arrest.25–27 The ﬁrst two of these
ontrolled studies showed no beneﬁt of pacing in OHCA, but also
eported a median delay to pacing of more than 20 min.25,26 We
lso show this very long delay; pacing is only initiated after other
reatment options are exhausted. This may  explain why pacing has
o impact on survival rate.
In order to be successful, pacing should be initiated as soon as
ossible after cardiac arrest, before irreversible myocardial damage
ccurs.28,29 Cummins et al. studied pacing before advanced life sup-
ort resulting in a short delay of only 9 min  from collapse to pacing
nitiation.27 That study also showed no beneﬁt of pacing in asystolic
HCA and pacing has therefore been discouraged in the guidelines
ver since. However, none of these studies restricted their inclu-
ion to patients who theoretically are more likely to respond to
acing, such as patients with a third degree AV-block. Asystolic
ases comprised almost 50% of all patients in our study and a sim-
lar proportion probably also was present in these studies. None
f these studies speciﬁcally selected patients that might actually
eneﬁt from pacing.
imitations
This study is based on analyses of mostly single lead recordings.
nly after ROSC or in EMS  witnessed collapse, 12-lead ECGs were
vailable. Assessing the initial rhythms using single lead ECGs is less
eliable than using 12-lead ECGs, limiting the diagnostic reliability
f rhythm assessment during CPR.
Due to the retrospective nature of our analysis, we  could not
dentify the reasons to initiate or withhold pacing. We also did not
ollect detailed data on pre-hospital treatment by EMS  other than
PR and deﬁbrillation, or reasons to terminate the resuscitation
ttempt. Any association of patient- or resuscitation character-
stics with survival could be inﬂuenced by treatment decisions
f EMS personnel, which (other than deﬁbrillation and pacingthe logistic regression analysis.
initiation) were not incorporated in our analysis. Also, the in-
hospital treatment following ROSC, such as percutaneous coronary
interventions, intra-aortic balloon pump, percutaneous ventricular
assist devices or targeted therapeutic hypothermia might inﬂuence
survival. Due to the low number of surviving patients, we  did not
assess the in-hospital treatment for these patients.
Conclusion
In bradyasystolic OHCA 16% of patients present with a third
degree AV-block. The survival to discharge remains as poor as in
other patients with bradyasystole. Pacing is rarely initiated, also
in patients with third degree AV-block, and if so, very late. In its
current form, no survival beneﬁt can be expected from pacing. It
remains to be elucidated if there is subset of patients among those
with bradyasystolic cardiac arrest, such as third degree AV-block,
that could beneﬁt from pacing if initiated without any delay.
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